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E-mail address: ayronanjos@gmail.com (J.A.L. dosThe zinc promoted Barbier-type reaction of alkyl halides and diphenyl diselenide in aqueous medium
leads to high yields of mixed selenides even in acidic medium. Especially the efﬁcient formation of
t-butylphenylselenide cannot be explained by nucleophilic substitution and raises the question of an
alternative reaction mechanism. Three suitable halide precursors of ‘radical clocks’ of increasing rate of
unimolecular rearrangement were used in order to evidence possible radical intermediates. Only the
fastest one, halomethyl cyclopropane led to linear, rearranged, mixed selenides in amounts increasing
from the chloride to bromide and iodide as leaving group. The results indicate a nucleophilic substitution
as the most important mechanism in the formation of mixed selenides competing with an alternative,
radical based process. The latter becomes exclusive in the case of tertiary alkyl halides.
 2012 Elsevier Ltd. All rights reserved.RX + PhSe
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Barbier-type reactions in aqueous medium have attracted
growing interest in recent years.1 The metal-promoted one-pot
addition of allylic,2 benzylic3 and propargylic halides4 to carbonyl
compounds has shown comparable or even better results than tra-
ditional methods using Li or Mg reagents under anhydrous condi-
tions. Saturated halides5 and a-haloesters6 have also been reacted
successfully. On the other hand, different electrophilic substrates
such as carboxylic esters and anhydrides,7 nitriles,8 oximes,9
imines,10 and iminium ions11 have shown interesting reactivities.
Even nitrobenzene12 and diphenyl diselenide,5 rather unusual elec-
trophiles in organometallic reactions, have been alkylated in pre-
parative yields in protic or aqueous medium. Especially the zinc
promoted preparation of alkyl phenyl selenides5 has proved its
general scope and usefulness for almost all types of organic
halides. The success of this extremely simple and ‘green’ procedure
even under neutral or weakly acidic conditions for most primary
and secondary halides and the surprising formation of t-alkyl
phenylselenides motivated the present mechanistic study.
As can be seen in Scheme 1, the simultaneous action of metallic
zinc on two reducible reagents, halide (1) and diphenyl diselenide
(2), opens at least three main pathways to the ﬁnal product.
Path a represents an SN2 reaction between 1 and phenylselenide
anion 3 produced by reduction of diselenide 2. On the other
extreme, the halide 1 is reduced by two electrons to an organozincll rights reserved.
Anjos).intermediate which acts as a nucleophile on 2 (path c). The
intermediate pathway b starts with a single electron transfer to 1
generating the radical 5 which effects a homolytic substitution on
2 giving the mixed selenides 6.
The possible participation of path a was ﬁrst investigated by
comparison of the typical ‘in situ’ Barbier-type procedure with a
metal free SN2 reaction where sodium borohydride reduces
selectively 2. Four different halides, iodoethane 7 ,2-iodobutane
8, 2-bromo- and 2-iodo-2-methylpropane 9 (a,b) were used as
representative primary, secondary and tertiary halides.
In both procedures 2 was dissolved in acetonitrile and an
aqueous solution of different alkalinity was added at room
temperature: pH 14 (KOH), pH 7 (phosphate buffer) and pH 4
(NaH2PO4). In procedure A, the halide was added under stirringR-Zn-X
4
2
2
path c
Scheme 1.
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B, an excess of sodium borohydride was added ﬁrst decolourizing
the yellow reaction mixture to selenol or selenolate in a few
minutes of stirring, and then the halide was introduced at once.
Results and discussion
At pH 14, ethyl iodide gave identical high yields by both proce-
dures (Table 1, entry 1). Under neutral conditions, procedure B
(SN2) produced still quantitative transformation, whereas
Barbier-type conditions reduced the yield to half (Table 1, entry
2). In acidic medium both procedures had very low efﬁciency
(Table 1, entry 3). At all three pH values, procedure B gave equal
or better results than procedure A, indicating that nucleophilic
substitution is the most important pathway in the absence of zinc.
Similar trends were observed for 2-iodobutane 8 (Table 1, entries 4
and 5) except at pH 4 where procedure A produced a surprising
yield of 62% (Table 1, entry 6). Even less expected was a 31% yield
with t-butyl bromide 9a in procedure A which could be increased
to 100% when only 0.025 mmol of diselenide were used (10-fold
excess of halide) (Table 1, entries 7 and 8). By contrast, procedure
B gave a very modest yield of 9% in the normal stoichiometry and
complete failure to produce products in high excess of 1. Very sim-
ilar results were observed when t-butyl iodide 9b was used under
the same conditions (Table 1, entries 9 and 10). The very low yields
or the complete failure in procedure B is in good agreement with
the general failure of tertiary halides in nucleophilic displacement
reactions.
By contrast, the results obtained with procedure A are incom-
patible with an SN2 mechanism because the better leaving group
iodide gives lower yields (Table 1, entries 7 and 9) and decrease
of the concentration of 1, the precursor of the possible nucleophile,
increases the yield of 6. Also an SN1 mechanism, the only generally
accepted for tertiary halides and independent of the nucleophile
concentration, cannot explain the unusual high yield produced
exclusively by procedure A.
In view of the incompatibility of pathway a in Scheme 1 at least
with the behaviour of the tertiary halides, the pathways b and c
were considered. Both alternatives have in common the radical
intermediate R produced by a single electron transfer to theTable 1
Reaction of diphenyl diselenide and organic halide in acetonitrile/aqueous solution
using the procedures A and B
Entry RX pH Yield (%) Special conditions
Aa Bb
1 EtI 14 93 93 —
2 EtI 7 44 100 —
3 EtI 4 15 22 —
4 s-But-I 14 64 80 —
5 s-But-I 7 45 62 —
6 s-But-I 4 62 53 —
7 t-But-Br 14 31 9 —
8 t-But-Br 14 100 0 0.025 mmol (PhSe–)2
9 t-But-I 14 21 9 —
10 t-But-I 14 100 0 0.025 mmol (PhSe–)2
a To 1 mL of an aqueous solution of pH indicated in Table 1, was ﬁrst added,
under vigorous stirring, a solution of 0.125 mmol of diphenyl diselenide (2) and
0,5 mmol of organic halide (1) in 0.5 mL of acetonitrile, and then was added in one
pot dust zinc. After 5 min the reaction mixture was hydrolyzed by 10 mL of HCl 2 M
and extracted with1 mL of a solution of CCl4/anisole.
b To 0.25 mL of a solution of 0125 mmol of 2 in acetonitrile was ﬁrst added, under
vigorous stirring, 0.5 mmol of sodium borohydride and then was added 1 mL of an
aqueous solution of pH indicated in Table 1. After a few minutes of stirring, when
the yellow reaction mixture became colourless a solution of 0.5 mmol of 1 in
0.25 mL of acetonitrile was introduced. After 5 min the reaction mixture was
hydrolyzed by 10 mL of HCl 2 M and extracted with 1 mL of a solution of CCl4/
anisole.halide. Radical intermediates produced by halides on metal
surfaces have been evidenced directly by EPR spectroscopy in
anhydrous medium.13 However the observation of electronic reso-
nance would be an excellent proof for radicals in any reaction not
only in the formation of 6.
Another indirect method for the study of radical reactions is the
use of suitable precursors of radicals designed to undergo rapid,
unimolecular rearrangements to a more stable radical. There is a
great number of such ‘radical clocks’ of known rearrangement rates
which allow deducing the reaction rate of the radical consuming
step by analysis of the isomer ratio in the ﬁnal product.14 We used
halide precursors of three of these ‘radical clocks’ of different rate
constants in the aqueous Barbier-type reaction with diphenyl
diselenide.
equation 1: X + PhSeSePh
10 a,b
equation 2: X + PhSeSePh Zn
pH 14
X= Br 84 %
X= I 100 %
13 a,b
Zn
pH 14
X= Br 42 %
X= I 85 %
SePh + SePh
11 12
exclusive not detected
SePh +
SePh
14 15
exclusive not detected
equation 3:
X + PhSeSePh
16 a,b,c,d
Zn
pH 14
SePh + SePh
17 18
X= Br 82 %
X= I 100 %
X= Ts 80 %
X= Cl 83 %
ratio X= Ts 100 : 0
X= I 84,6 : 15,4
The ﬁrst halides investigated were bromo- and iodomethyl
cyclobutane 10 (a, b) (equation 1). In basic solution the iodo com-
pound 10b gave yields comparable to ethyl iodide, whereas 10a
was signiﬁcantly less reactive (equation 1). In all cases, the cyclic,
unrearranged selenide 11 was the only product as evidenced by
GC/MS and NMR-analysis, no trace of the linear product 12 could
be detected.
6-Bromo and 6-iodo-1-hexene (13a, b) showed good reactivity
even in acidic medium and nearly quantitative transformation un-
der basic conditions (equation 2). Once more, the unrearranged,
linear selenide 14 was the only product observed in all reactions
excluding completely the formation of 15. These results allow
two alternative conclusions: either there is no radical intermediate
or its rearrangement is much slower than the coupling reaction.
In a last attempt, three halomethylcyclopropanes (16a–c) were
examined. The possible radical derived from these precursors is ex-
pected to rearrange to the homoallylic radical at a rate 4 and 2 or-
ders more rapid than those derived from 10 and 13, respectively.
This system, ﬁnally, produced small quantities of the rearranged,
linear product 18 for all three halides, ranging from 15,4% for
X@I to 0,3% for X@Cl (equation 3; Table 2, entries 1–3).Table 2
Reaction of cyclopropylmethyl reagents with diphenyl diselenide using the procedure
A in acetonitrile/alkaline aqueous solution
Entry RX = 16 pH Yield (%) 17 + 18 Ratio 17:18
1 Cl-CH2-cPr 14 83 99,7:0,3
2 Br-CH2-cPr 14 82 98,8:1,2
3 I-CH2-cPr 14 100 84,6:15,4
4 Ts-CH2-cPr 14 80 100:0
6494 J. A. L. dos Anjos, L. W. Bieber / Tetrahedron Letters 53 (2012) 6492–6494These results show unambiguously that radical intermediates
are involved at least in part in the reaction of alkyl halides with
diphenyl diselenide promoted by zinc in aqueous basic medium.
The rearrangement increases with the polarizability of the leav-
ing groups as can be expected for a single electron transfer process
and the electron afﬁnity also supports this interpretation. Further
conﬁrmation brought a control experiment with the corresponding
tosylate 16d, a leaving group with no electron acceptor properties,
which led to exclusive formation of the cyclic, unrearranged prod-
uct 17 in high yield (Table 2, entry 4).
Conclusion
Summarizing all the experiments described here we can con-
clude that most primary and secondary halides showed a behav-
iour very similar to an SN2 mechanism (Scheme 1 path a).
In contrast, tertiary butyl halides gave surprisingly high yields
of mixed selenides, incompatible with an SN2 or SN1 mechanism.
An alternative mechanism via alkyl radicals (Scheme 1, path b)
seems to be responsible for the totality of the formation of t-
butyl-phenyl selenide and for part of the product derived from
16, especially when iodide was the leaving group.
Substantial contribution of an organozinc intermediate 4
(Scheme 1, path c) can be rejected, because the formation of such
organometallic species is known to proceed under partial (10 and
13) or complete (16) rearrangement at room temperature.15 Future
investigations will be directed to a more detailed elucidation of
this new mechanism examining the experimental conditions
which inﬂuence the rearrangement.Acknowledgments
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